SUMMARY A detailed pathological study of the coronary arteries was carried out on 130 random white subjects (91 male and 39 female) who died suddenly in the Glasgow area. In 30 there was a clearly defined cause of death that was not due to ischaemic heart disease. In eight subjects the cause of death was in doubt. Ninety two of the 130 showed coronary stenosis resulting in a loss of more than 75% of coronary artery cross sectional area and/or acute coronary events with no other cause of death. Of these 92 subjects considered to have died suddenly of ischaemic heart disease, 64% showed plaque rupture and thrombosis which occurred at sites of previous high grades of stenosis. Twenty two subjects had intraluminal thrombosis unrelated to plaque fissuring. Thirty eight (41 %) showed histological evidence of recent myocardial necrosis; acute coronary events occurred in 34 of these. There was no correlation between the duration of symptoms before death and the occurrence of acute coronary events.
In view of the fact that atherosclerosis has been recognised for many years and the fact that ischaemic heart disease is so prevalent' 2 it may seem surprising that controversy still surrounds the mechanism of sudden death from coronary disease. Severely diseased and narrowed coronary arteries may be compatible with many years of symptom free life3 but when sudden death occurs in individuals with ischaemic heart disease the mechanism and triggering event are still in dispute.4 Sudden death in the majority of subjects with ischaemic heart disease is attributed to cardiac arrhythmia, and previous pathological studies have suggested that the frequency of coronary thrombi and acute lesions is low.5 -Others have claimed that coronary thrombi are consequences rather than causes of myocardial infarction. 8 Accepted for publication 3 December 1986 drawn to the importance of acute plaque events and the role of coronary thrombosis in sudden cardiac death.'0o In cases of sudden unexpected death pathological examination usually takes place as a medicolegal necropsy aimed primarily at excluding unnatural death. It is thus understandable that appropriate detailed pathological data from this source have been scanty. A study was therefore undertaken of 130 random cases of sudden death submitted to medicolegal necropsy in Glasgow with the aim of further clarifying the mechanism of death and of assessing the status of the coronary tree and myocardium.
Patients and methods
We studied 130 Sudden death was defined as death occurring within 24 hours of the onset of symptoms in a subject who had not consulted a doctor at any time during the previous three weeks. Case notes were reviewed to determine the subject's activity at the time of onset of symptoms or death. A detailed necropsy was undertaken in each case, including histological study where necessary. When appropriate, toxicological examinations were undertaken to identify alcohol, carbon monoxide, or drug poisoning.
The heart was removed unopened for initial angiographic study. The right and left coronary arteries were selectively injected with a bariumgelatin mixture and radiographic delineation of the coronary vessels was obtained. The warm mixture was injected through a hand-held syringe until satisfactory filling of epicardial vessels was noted. The major epicardial coronary arteries were dissected from the fixed heart; then they were decalcified for five days and the radiographic study was repeated. The coronary arteries examined included the entire right coronary artery with its posterior descending and posterolateral branches; the left main coronary artery; the anterior descending coronary artery and its major diagonal branches; and the circumflex coronary artery and its marginal branches.
After postmortem angiography a low midventricular 2 cm transverse slice was cut. The level of the cut was sometimes changed according to the site of the infarct if any had been detected macroscopically. Nitroblue tetrazolium staining was used to complement routine histological examination. 12 Histological blocks were then made at approximately 3 mm intervals in the major arteries and labelled for identification according to a standard code'3 ( fig 1) . Each histological section, stained with haematoxylin and eosin, was examined microscopically and coded for the presence mated by planimetry of the area within the internal elastic lamina (representing the original lumen) and the area of the existing lumen-the result being expressed as a percentage loss of cross sectional area. Thrombi when present were measured and their extent was expressed as a percentage of the lumen area before thrombosis had occurred.
Results
The results of our studies indicated that 92 subjects had died suddenly from ischaemic heart disease: they had one or more "significant" stenoses (defined for the purposes of this study as thrombosis. There were 80 instances of plaque rupture in these 59 subjects-35 in the right coronary artery, 30 in the anterior descending coronary artery, and 15 in the circumflex artery. Figure 3 shows a typical example of plaque rupture. Plaque rupture and accompanying acute lesions were more common at sites with higher grades of pre-existing stenosis (table 1) . Intraluminal thrombus was often found where there was stenosis of more than 75%.
Intraluminal thrombus Intraluminal thrombi were found in 61 subjects. In 22 of these, no associated underlying fissuring could be identified. Seventy five separate thrombi were found: 48 were occluding more than 50% of the lumen and 27 occupied less than 50%. Figure 4 shows the appearance of a typical intraluminal thrombus associated with plaque fissuring. Table 2 shows the distribution and degree of thrombotic occlusion of the largest thrombus in each of the 61 subjects. Figure 5 shows the distribution of plaque rupture in the different segments of the coronary tree. Certain segments, such as the second segment of the right Sudden coronary death in Glasgow: nature andfrequency of acute coronary lesions Number with plaque rupture 20 (65) 9 (82%) 6 (55°b) 6 (55"h) 18 (640o) Eight of the 100 subjects showed varying degrees of stenosis, between 20% and 73% (mean maximum stenosis 53%), without demonstrable acute coronary lesions and the cause of death must be considered to be in doubt. In common with a similar London study14 these subjects were excluded from further analysis. Table 7 shows the identified cause of death in the group of 30 subjects in whom a non-ischaemic cause of death was found. No intraluminal thrombosis was found in any of these 30 subjects. Plaque fissuring accompanied by intimal haemorrhage was, however, present in one (a victim of drug overdose).
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Discussion
The controversy about the frequency of coronary thrombi and plaque rupture in sudden ischaemic death is unresolved, with various groups reporting markedly different findings.8 14 15 The data reported in the present study indicate that in 88% of subjects where death occurred suddenly from ischaemic heart disease there was a recent lesion in one or more of the coronary arteries. The This study of sudden death shows that plaque fissuring is more common in certain segments of the coronary tree than in others. These segments, however, were also the sites of higher grades of stenosis and highest frequency of thrombosis, and therefore anatomical site by itself probably does not determine the likelihood of plaque rupture. Plaque rupture seems to be an important part of the atherosclerotic process which may result in acute vessel occlusion and its outcome is determined to a great extent by the degree of pre-existing stenosis. If the preexisting stenosis is severe, acute vessel occlusion will occur; less severe stenosis may only result in an increase in plaque size. The size of the cracked intimal cap and the platelet response at the site of rupture also play an important role in determining the nature of the lesion accompanying the rupture.4 19 This study confirms that intraluminal thrombosis is a common finding in segments of coronary artery in which there is plaque rupture.
Our study has identified a subgroup in the 92 subjects who died suddenly from ischaemic heart disease in whom no acute coronary lesion could be identified. This group of 11 subjects with definite ischaemic heart disease but no acute coronary lesion showed stenosis producing more than 75% loss of luminal cross The relatively low frequency of demonstrable myocardial infarction in the present study (41%) must in part reflect the sudden nature of death, as the nitroblue tetrazolium test and conventional histology do not detect infarction where the survival period is short. 12 Acute coronary lesions were a common finding in cases with recent myocardial necrosis and in all cases except two they occurred in the artery supplying the area of infarction. In cases with diffuse subendocardial infarction significant stenoses were noted in all three major coronary vessels. The study also showed that in about half the cases with healed infarcts the ischaemic damage was probably due to an old coronary event. This was suggested by the presence of recanalisation in the supplying artery in 24 of the 46 cases with old infarcts.
This study provides no evidence of an association between the occurrence of acute coronary lesions and the interval between the onset of symptoms and time of death. Others have claimed that acute coronary lesions are not found in subjects dying instantaneously from ischaemic heart disease.2122 It was also claimed that the longer the duration of survival after the onset of symptoms, the more frequently are acute lesions present. Our study does not confirm claims that plaque rupture is more commonly the underlying fatal event in older rather than younger patients15; however, we found a higher frequency of intimal haemorrhage accompanying the rupture in the older group. Furthermore, our study has shown no association between the activity at the time of death and the presence of acute coronary events. This finding does not contradict the possibility that sudden unaccustomed activity may precipitate sudden coronary death. It is possible, however, that the sudden rupture of the thin fragile cap may require no more than normal haemodynamic stresses.19
The importance of acute coronary lesions as the mechanism of sudden ischaemic death is emphasised by their absence in the majority of subjects who died of causes other than ischaemic heart disease (plaque fissuring was noted in only one of 30 such subjects). Circumferential myocardial infarction was present in two of these subjects and may be explained by pre-terminal hypotension, as one died of intracere-
